Background: Delayed elimination kinetics of steroidal neuromuscular blocking agents have been observed in patients with cirrhosis. Like other steroidal muscle relaxants, rapacuronium may, in part, be eliminated by the liver. To determine the influence of liver disease on its neuromuscular blocking effect, we studied the pharmacokinetics and pharmacodynamics of rapacuronium in patients with cirrhosis.
philippe.duvaldestin@ap-hoppa~s.fr thumb adduction force control value was of 49 (28-80) min in controls and 47 (28-71) min in patients with cirrhosis.
Conclusion : The neuromuscular blocking effect of a single bolus dose of rapacuronium in patients with cirrhosis is not dUferent from that of patients with normal hepatic function. N o decrease in plasma clearance of rapacuronium was observed in patients with cirrhosis. (Key words: Liver disease; neuromuscular relaxants; plasma concentration.) RAPACURONIUM (Org 9487) is an aminosteroid nondepolarizing neuromuscular blocking agent with a more rapid onset and duration of action than other currently available nondepolarizing agents. ' J The short duration of action of vecuronium and rocuronium is explained, in part, by the hepatic contribution to their elimination in complement to the renal excretion. -3,4 In comparison, longer-acting nondepolarizing neuromuscular blocking agents are principally eliminated by the kidneys. 5-7 Hepatic uptake of steroidal neuromuscular relaxants has been demonstrated
In humans, indirect evidence for liver elimination of these agents is provided from the fact that several studies report a prolonged elimination half-life of steroidal muscle relaxants in patients with decreased hepatocellukar fiincIn animals, rapacuronium is predominantly eliminated in the bile (unpublished report, March 1996;
Organon, Boxtel, The Netherlands). Although the disposition of rapacuronium is incompletely understood in humans, its renal elimination is of minor import a n~e '~"~; therefore, it is important to determine its pharmacokinetics and pharmacodynamics in patients with cirrhosis.
Methods

Participants
The study received approval from the ethical committee of Henri Mondor Hospital, and informed consent was obtained from all 16 patients studied. Eight patients were healthy (American Society of Anesthesiologists class 1 or 2 ) and had no history or biologic evidence of Anesthesiology, V 91, No 5, Nov I999 hepatic or renal disease, and were undergoing elective peripheral surgery with general anesthesia. Eight patients had liver cirrhosis without encephalopathy and were undergoing sckrotherapy of esophageal varices with general anesthesia. The diagnosis of cirrhosis had been confirmed by liver biopsy in five patients and by liver echography in the remaining three. The degree o f hepatocellular insufficiency was estimated in cirrhotic patients from the Child Pugh classification "' One patient had ascites controlled by diuretic therapy. Exclusion criteria included neuromuscular disease or treatment with drugs known to prolong the duration of action of iieuromuscular blocking agents or to interfere with rapacuronium assay.
Anesthesia
Patients rcccived Iiydroxyzine 100 mg or flunitrazepam 1 mg orally 1-2 h preoperdtively. Anesthesia was induced with fentanyl2 pg/kg and thiopental 5-7 mg/kg and maintained with isoflurane (0.6 -0.8'%,, end-tidal), nitrous oxide (60% in oxygen), and repeated doses of fentanyl (1 pg/kg). Rapacuronium was supplied as a lyophilized powder of 100 mg in 5-ml vials and stored at 4°C (Organon Teknika, Boxtel, Belgium). The powder was diluted with sterile water immediately before injection. Laryngoscopy was performed 60 s after the administration of a bolus dose of 1.5 mg/kg rapacuronium, and the time of intubation and the intubating conditions were recorded. The intubating conditions were scored as 1 (excellent), 2 (good), 3 (poor), or 4 (impossible).
Ventilation was controlled and adapted to maintain endtidal carbon dioxide to 35 & 5 mmHg. Central body temperature (esophageal or tympanic) was kept between 35°C: and 37°C.
M o n itwing
The ulnar nerve was stimulated supramaximally at the wrist with surface electrodes by applying train-of-four stimuli every 12 s, and the evoked twitch tension of the adductor pollicis (TH) was measured with a force transducer and continuously recorded (Myograph 2000; Biometer, Odense, Denmark). Rapacuronium was administered after 3 min of stabilization of twitch tension. The following variables were recorded: maximal depression of the first twitch; the time delay between the injection of rapacuronium and achievement of 90% depression of TH (onset time); the time between the injection of rapacuronium and recovery of the TH to 25%, 75%, and 90% of control (TH25, TH75, and TH90); and the time for the train-of-four ratio to recover to 70% (T4 0.7).
Pharrnacokinetic Analysis
In all patients studied, a venous sampling cannula was inserted in the antecubital fossa contralateral to the upper limb where rapacuronium was administered. Blood samples (4 nil) were withdrawn with a syringe before and 2, 4 , 7, 10, 20> 30, 45, 60, 7 5 , 90 , 120, 150, 180, 240, 300, 360, 420, and 480 min after administration of rilpdcuroniurn. l'he blood was immediately transferred in vacuum tubes prefilled with 1 ml 1 M phosphate buffer (NaH,PO,). The vacuum of the tubes was determined so that the volume of the blood sample injected into the tube was 4 ml. The tubes were kept at 4°C and centrifuged within less than 1 h after sampling. The supernatant was withdrawn and kept frozen until subsequent analysis. Blood samples were also obtained for the measurement of hematocrit at 30, 120, and 360 min.
The concentration of rapacuronium and its putative derivatives was determined by high-pressure liquid chromatography coupled with mass spectrometry detection using deuterated Org 9487 as internal standard (Hazelton, Harrogate, United Kingdom). Because a breakdown of rapacuronium into its +OH deacetyl derivative (Org 9488) may occur, this metabolite was also assayed in plasma. The concentration of rapacuronium and Org 9488 in plasma was calculated from the concentration measured in the supernatant and the hematocrit value.
A biexponential equation was fitted to the concentm tion of rapacuronium and of Org 9488 versus time data for each patient using the SIPHAR program (Simed, Creteil, France)'" with a weighing function of l/yL. The best fit for the data was determined using the F ratio test. The following parameters were derived: fast distribution halflife, elimination half-life, total apparent volume of distribution at steady state, volume of distribution of the central compartment, total-body clearance, area under the concentration-time curve, and the terminal half-life of Org 9488.
Statistical Analysis
The chi-square test was used to test for significant difference in the intubating score between the two groups of patients. For statistical analysis, the chi-square test was used to test for significant difference in the intubating score between the two groups of patients. Comparisons between the values (median and extreme values) obtained in normal patients and in cirrhotic patients were performed with the Mann-Whitney U test. A P value < 0.05 indicated a statistically significant differ- 
Results
Patient characteristics and results of liver function tests are summarized in table 1. The plasma concentration decay curves of rapacuronium for the two groups of patients are shown in figure 1. At 2, 5, 7, and 10 min, mean plasma concentration of rapacuronium was sigmficantly lower in patients with cirrhosis than in normal patients. The Org 9488 compound could be detected in every plasma sample. The highest concentration was found at 2 min and then declined progressively ( fig. 2) . The level of rapacure nium in the batches used for the study varied between 89% and 10396, and the level of Org 9488 varied between 1% and 7% (unpublished data, December 1997; Organon, Boxtel, The Netherlands). Therefore, the pharmacokinetic parameters were computed according to the actual dose of rapacuronium injected to each patient. The distribution half-life [values given as median (range)] was 7.9 (4.6 -1 1.6) min in patients with normal hepatic function and 8.0 (5.7-13.1) min in those with cirrhosis (table 2). A significant Maximal depression of the first twitch was not different between the two groups. TJ325, TH75, TH90, and T4 0.7 were not significantly different between the two groups.
Discussion
The current study demonstrates that, in patients with cirrhosis, a single dose of 1.5 mg/kg rapacuronium exerts the same neuromuscular blocking effect as in patients with normal hepatic function. The main pharmacokinetic change induced by cirrhosis consists in an increase in both the volume of the central compartment and the total apparent volume of distribution of rapacuronium.
The increased volume of distribution of muscle relaxants induced by cirrhosis has now been clearly demonstrated by several studies 12,17-19 and has been proposed as an explanation for the so-called resistance of patients with cirrhosis to muscle relaxants. In the present study, the intubating time and conditions were similar between the two groups. This increase in the volume of distribution of rapacuronium is most probably a result of the enlarged extracellular fluids space, which is a common finding in patients with cirrhosis; however, only one of the patients studied had clinical evidence of ascites. In a previous study of rocuronium, we observed that the volume of the central compartment was increased and associated with a longer onset time in patients with cirrhosis. 18 In the present study, we could not demonstrate such a correlation between onset time and the central volume of distribution. Because the onset time of rapacuronium is particularly short, it may be more complex to show difference between the two groups. Pharmacokinetic analysis demonstrates that cirrhosis does not cause a delayed elimination of rapacuronium. On the contrary, we observed an increase in the plasma clear- explanations can be proposed for our findings. First, the liver may not be a pathway of elimination of rapacuronium in humans. Second, the degree of liver insufficiency of the patients studied may be not severe enough to diminish the hepatic excretion of rapacuronium. However, the patients with cirrhosis who we studied are representative of the category of patients with hepatic insufficiency undergoing elective procedures with general anesthesia. The elimination half-life of rapacuronium was unchanged between the two groups. The sampling time was 480 min and provided a good interval of time to characterize the elimination half-life of rapacuronium, which was approximately 90 min in patients with normal hepatic function. Such value must be compared with the values of 72 and 88 min reported p r e v i~u s l y .~-'~ These data suggest that the short clinical duration of action of a single bolus dose of rapacuronium is controlled by distribution phenomena and that after repeated administration, rapacuronium may be a less promising short-acting agent. The clinical duration of action of rapacuronium, estimated as the time from injection to 25% recovery of TH, was similar to values of 14.5 to 16.5 min reported previously, [20] [21] [22] although a shorter value of 10.3 min has been reported.'223 However, the results of our study suggest that the spontaneous recovery of the neuromuscular blocking effect of rapacuronium is not as short as initially expected. In two previous studies, T4 0.7 was 24 min' and 30 min" after a 1.5-mg/kg dose of rapacuronium, compared with 67 min in our study. This difference may be explained, in part, by the fact that T4 0.7 was measured while patients were anesthetized with isoflurane, which is known to potentiate the effect of neuromuscular blocking agents2* The simultaneous measurement of the plasma concentration of Org 9488 showed that this compound was present at the highest concentration in the earliest samplings. This suggests that Org 9488 was present in the injectate. In addition, the analysis of the batch used for the study showed that Org 9488 was present in the amount of 2-7%; therefore, this was taken into account to calculate the actual dose delivered to the patients. The spontaneous breakdown of rapacuronium does not exclude an additional in v i m biotransformation. The apparent half-life of Org 9488 was longer than that of the parent compound and longer in patients with cirrhosis than in control subjects, which may suggest that Org 9488 is eliminated by the liver. This half-life may reflect both the elimination and the production of Org 9488. It has been shown recently that Org 9488 is an active metabolite, with a neuromuscular blocking effect at least two times greater than that of r a p a c u r o n i~m .~~ The concentration of Org 9488 at the effect site that corresponds to a 50% depression of the twitch height has been estimated to be 1.8 pg/ml in humans.z5 Because the plasma concentration of Org 9488 in each individual decreased rapidly (within < 10 min) below this effective concentration, we suggest that Org 9488 did not con- tribute significantly to the neuromuscular blocking effect observed after a single bolus dose of rapacuronium.
One limitation of our study is the use of venous blood samples, which are less appropriate for pharmacokinetic analysis than arterial samples but less invasive, especially in patients undergoing peripheral surgery or endoscopy. Therefore, we did not proceed to the simultaneous pharmacokinetic-pharmacodynamic analysis of our data. However, it was shown recently that arterial and venous blood concentrations of rapacuronium were nearly identical during the first 20 min after administration.26
In conclusion, onset and recovery rate of neuromus cular blocking effect of a single bolus dose of rapacuronium are similar in patients with cirrhosis compared with those with normal hepatic function. Plasma concentration of rapacuronium are initially lower in patients with cirrhosis because of an increase in the volume of distribution. The elimination half-life of rapacuronium is similar in patients with cirrhosis and in those with normal hepatic function. The plasma clearance of rapacuronium is higher in patients with cirrhosis than in patients with normal hepatic function, suggesting that the liver is not the main pathway of elimination in humans.
